Measurement of cardiac output by various methods in both health and disease has received considerable attention lately. Because of the understandable hesitancy of investigators to subject normal subjects to prolonged, vigorous exercise in the upright position during cardiac catheterization, few observations of man's cardiac output in his normal exercising position have been made (Chapman and Fraser, 1954; Mitchell et al., 1958; Sproule et al., 1960) . Circumvention of the dangers inherent in determination of output by the Fick principle by means of a safe and relatively simple technique would allow valuable study of this important problem.
the group between extremes of 7-7-22-5 1./min., but fluctuations as great as 7 0 1./min. were observed in some individuals. Of the total 12 subjects, 7 (Cases 1, 2, 3, 5, 7, 10 and 12) maintained reasonably steady output levels, the greatest variation between any two determinations being 4 0 1./min., and from the mean 2-2 1./min. The remaining 5 subjects all demonstrated a circulatory steady state during portions of this prolonged walk, but could not maintain a constant cardiac output throughout. This is typified by Case 8 whose output level was very steady during the first 10 minutes of the walk, but subsequently both decreased and increased greatly. These results contrast with those of the ventilatory studies (Table III) in which all 12 subjects maintained a steady state as evidenced by variations from the mean of 0-5-9-5 per cent for minute volume, 1 0-5-0 per cent for oxygen uptake, and 2-0-4-5 per cent for carbon dioxide elimination during their later walks.
From the total of 87 outputs, the pairs that were performed within two minutes of each other have been compared (Fig. 3) . Such paired values showed only a 3 X8 per cent average deviation from their mean, and as shown by the r value of 0X89, a high degree of correlation was found. In addition, comparison of cardiac outputs in the same subject obtained at the 10th minute of two successive walks was made, and gave a value of r=0-64 (Fig. 4) .
DISCUSSION
Reliability of indicator dilution curves in determining cardiac output and the close correlation of this method with the Fick principle has been discussed by many investigators (Hamilton et al., 1948; Werko et al., 1949; Doyle et al., 1953; Neeley et al., 1954; Richardson et al., 1959; Kopelman 9. 0. group.bmj.com on October 15, 2017 -Published by http://heart.bmj.com/ Downloaded from and Lee, 1951). In the present investigation, reproducibility of results in paired determinations was considered more important than correlation with the Fick principle. To establish reproducibility in our hands, duplicate resting cardiac output determinations were made in 15 consecutive cardiac patients seen in this faculty. The r value of these pairs was 0999, and the average deviation 170 ml. The high degree of correlation (r=0.89) between such pairs taken during exercise has already been mentioned. Further assurance of reliability is provided by the fact that all outputs in this report were calculated from sharp curves (Fig. 1) , each of which when plotted on semi-log paper gave a straight-line descending slope of the curve.
Use of the "forward triangle" method for calculation of cardiac output has been suggested (Hetzel et al., 1958) , at least for those curves in which recirculation occurs early or is not separated easily from the primary curve. In our study, such difficulty with curve analysis was not encountered, and results of the Hetzel method are presented (Fig. 5) as an interesting comparison with those of the more widely employed Hamilton calculation. The fairly good correlation of the two methods agrees with earlier reports. Previous studies of cardiac output during exercise in normal subjects have in the main been restricted to recumbency (Kowalski et al., 1954; Freedman et al., 1955-56; Dexter et al., 1950-51; Hickam and Cargill, 1948; Donald et al., 1955; Barrott-Boyes and Wood, 1957) . Attention has been focused primarily on differences between cardiac output at rest and after short periods of exercise. Donald et al. (1955) have studied cardiac output in recumbent, exercising subjects and group.bmj.com on October 15, 2017 -Published by http://heart.bmj.com/ Downloaded from noted the minute-by-minute variations over a five-minute period. However, to our knowledge, there are no reports that extend such "steady-state" observations in normal subjects beyond five minutes. In Donald's study, exercise levels comparable with those of the present report in terms of oxygen uptake (Table III) were reached in eight subjects. Seven of these appeared to maintain a steady cardiac output during the last four minutes of the five-minute walk. Had the cardiac outputs in this study been determined only over a period of 5 to 10 minutes 11 of the 12 subjects would be reported as maintaining a steady cardiac output. Furthermore, the high correlation shown in Fig. 3 between outputs done within 2 minutes of each other supports the conclusion that a steady state exists over short periods of exercise. However, in prolonging exercise for an additional 10 to 15 minutes, 4 of these 11 "steady" subjects showed wide variations in output.
In the present study it was technically impossible to obtain simultaneous measurements of oxygen uptake and cardiac output. Although our subjects showed a ventilatory steady state in subsequent walks, we cannot exclude entirely the possibility of some variation in oxygen uptake during the actual output determinations. However, previous studies in this laboratory (Tabakin and Hanson, 1960) have indicated that any normal subject will exhibit a steady ventilatory state in terms of oxygen uptake for any given 20-minute walk. If oxygen uptake was indeed steady during the output walks, we must assume that A-V oxygen changes occurred in the five subjects whose outputs varied. We are unable to relate the specific roles of fatigue, regional blood flow change, and variations in tissue oxygen extraction to our observations. Caution is urged in the interpretation and application of data in procedures demanding a circulatory steady state over long periods of time.
SUMMARY
Eighty-seven cardiac output determinations have been carried out in 12 normal men using indicator-dilution techniques. All determinations were made during "steady-state" treadmill exercise. Reliability of the method under these conditions has been demonstrated. Although cardiac outputs were almost invariably steady for each subject for short time intervals, significant variations were observed in five subjects when exercise was prolonged to 20 minutes. These observations assume importance in many investigations requiring attainment and maintenance of uniform cardiac output.
